By 2013, the number of confirmed rabid animals in Ontario had decreased to unprec- 
In Canada, foxes, skunks, raccoons and bats may be reservoirs capable of transmitting infection to domestic pets, livestock and people (Public Health Agency of Canada, 2012) . Ontario is Canada's most populous province or territory with over 13,500,000 people and covers one million square kilometres in land area (Ontario Ministry of Health and Long-Term Care, Intellihealth Ontario, 2015; Queen's Printer for Ontario, 2016) . Ontario has seen a marked decline in the number of animal rabies cases over the past few decades primarily due to the implementation of a wildlife rabies control programme. From a peak of 3,274 animal rabies cases reported in 1986, the number declined to a low of 18 cases in 2014 (Figure 1 ). The trend in the number of courses of rabies post-exposure prophylaxis (RPEP) administered was expected to decrease consistent with the decrease in the trend of animal rabies cases; however, the decrease in RPEP did not occur (Nunan et al., 2002) . The mean annual number of courses of RPEP administered in Ontario for the years 2001-2012 was 1,774, ranging from 1,426 to 2,692 annually, with no significant trend over time (Middleton et al., 2015) .
Rabies post-exposure prophylaxis consists of thoroughly cleaning the wound as well as administering rabies vaccine and rabies immune globulin in a timely manner after the exposure (rabies immune globulin is only given if the exposed person was not previously vaccinated). The absence of the corresponding decrease in RPEP administration with the observed decrease in animal rabies cases prompted a review of the reasons that RPEP was administered. This study provides a descriptive analysis of the exposure incidents resulting in RPEP administration in Ontario during 2013. The purposes of this review were as follows:
1. To identify how the assessments of human exposures to animals suspected of having rabies, or rabid animals, could be improved with respect to the decisions regarding whether or not to administer RPEP, including possible improvements in guidelines that support healthcare providers in conducting their risk assessments.
2.
To provide insight into where preventive measures could be implemented or enhanced to prevent exposures to animals that may result in the need for RPEP.
| MATERIALS AND METHODS

| Animal rabies data
The annual number of reported animal rabies cases in Ontario in 2013,
and 2015 was obtained from the Canadian Food Inspection
Impacts
• Since the 1980s, confirmed animal rabies cases in Ontario have decreased to unprecedented low numbers. An expected decrease in the number of courses of human rabies post-exposure prophylaxis (RPEP) administered, which corresponds to the decrease in animal rabies cases, has not occurred to date.
• A review of RPEP administered in 2013 in Ontario revealed many opportunities for reducing the number of RPEP courses administered. These opportunities include improving adherence to guidelines; refining guidelines to be more detailed regarding risk assessment considerations, particularly with respect to the circumstances of the exposure; and public education regarding bats and stray animals.
F I G U R E 1 Rabies post-exposure prophylaxis courses administered and animal rabies cases, Ontario: 1958 Ontario: -2015 Ontario: 1958 Ontario: -2000 data referenced from (Nunan et al., 2002) . Used with permission. 2001-2012 data referenced from (Middleton et al., 2015) 0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 RPEP Animal rabies cases Number of RPEP and animal rabies cases Agency (Canadian Food Inspection Agency, 2016) . Animal rabies diagnoses were conducted by the Canadian Food Inspection Agency using the rabies fluorescent antibody test (Fehlner-Gardiner et al., 2008) . Care, 2013) . In collaboration with the healthcare provider, the public health unit conducts a risk assessment to assist the healthcare provider with their decision regarding the need for RPEP. The decision to administer RPEP ultimately resides with the healthcare provider of the exposed individual. If RPEP is assessed to be indicated, the required biologics are provided by the local public health unit to the healthcare provider for administration to the exposed person.
| RPEP data
Public health inspectors at each of the 36 local public health units in Ontario investigate reported exposures to potentially rabid animals.
When RPEP is recommended, data on the exposure incident are required to be entered in to the integrated Public Health Information System (iPHIS), which is a Web-based disease surveillance system.
Each record contains information pertaining to the individual for whom RPEP was recommended and includes demographic information, dates of interest (i.e., reported and exposure dates), the type of animal, the type of exposure (e.g., bite, scratch, saliva exposure), the rabies status of the animal, as well as a free-text "comments" field for reporting other relevant information. iPHIS data were obtained for records with a 2013 reported date. The year 2013 was purposefully chosen to avoid the effect of a major change that occurred in the process of investigating animal exposure incidents in 2014. As of 1
April 2014, the Canadian Food Inspection Agency discontinued the collection of animals suspected of having rabies that were involved in a human exposure, although they continued to perform rabies tests on animals that were sent to them (Ontario Chief Medical Officer of Health, 2014) . A replacement system for the collection of animals for submission to the Canadian Food Inspection Agency was in the early stages of development in 2014, and thus, surveillance for rabid animals was reduced for some time. Notwithstanding this change in policy, the annual numbers of RPEP courses administered were also obtained from iPHIS for 2014 and 2015 for comparison to the number administered in 2013. 
| Population data
| Data management
Records were obtained from iPHIS on 26 January 2016. Records with exposures that occurred outside of Ontario were excluded based on the "Place of Exposure" variable or information in the "comments", leaving records where exposures occurred within
Ontario. From the Ontario records, the final data set used for analysis was obtained by excluding records where the comments were missing; the comment information was not useful for classifying the reasons for RPEP administration; RPEP was recommended but the comments indicated that it was not given because the patient refused or did not attend. For individuals who were part of a cluster, only the first person was included in the analysis to avoid counting a particular exposure scenario more than once. A cluster was identified if the records indicated that more than one person was exposed to the same animal. Finally, records associated with a rabies-positive animal were excluded from the final data set and analysed separately.
Animals were categorized according to the following: "Ten-Day
Observation Period" (i.e., dogs, cats and ferrets which are animals that can be observed for 10 days after the exposure to determine whether the animal was capable of transmitting rabies at the time of the exposure); "bats"; "wild terrestrial animals" (i.e., raccoons, foxes, skunks, coyotes); "farm animals" (i.e., horses and cattle); "small rodents" (i.e., squirrels, chipmunks, rats, mice); "large rodents, lagomorphs and miscellaneous small wild terrestrial animals" (i.e., weasels, possums, fishers, groundhogs, beavers, muskrats, rabbits); and "other and unknown" were captured separately as they represent prevention opportunities.
With regard to the inclusion and exclusion criteria, only one author reviewed the comments for each record to determine whether the case occurred in Ontario, whether the record was part of a cluster, whether the RPEP was actually administered, or whether the record was related to a rabid animal. Two authors assessed the final data set to determine whether they were useful for classifying the reasons for RPEP administration. Further, the records in the final data set were reviewed by two authors to classify them according to the categories in 
| RESULTS
In 2013 1. Provoked incidents were defined as feeding the animal, playing with the animal, trying to capture the animal, or trying to assist an injured animal. 2. Unknown or escaped-the dog or cat that exposed the person did not have an owner present, or information was not collected from the owner at the time of the exposure. Unknown or escaped animals are also referred to as stray animals. 3. Scratch-a scratch was the "type of exposure." 4. Saliva exposure-saliva exposure was the "type of exposure." 5. Fight-the exposure occurred because the person was separating a dog or cat in a fight with another dog or cat. Note: Rabies-positive dogs were considered separately and not included in the main analysis Bats 1. Bat in a room or house/cottage-a bat was found in the room or house/cottage where the person was located. The incident was counted as "Yes, RPEP should have been administered" if there was evidence of direct contact, or a bite, scratch or saliva exposure into a wound. The incident was counted as "No, RPEP should not be administered" if there was no evidence of direct contact, or a bite, scratch or saliva exposure into a wound. Provoked incidents were defined as trying to capture or pick up a bat, or disturbing the environment where a bat was present. 2. Provoked incidents were counted as "Yes, RPEP should have been administered" but also identified separately to illustrate opportunities for prevention. Note: Rabies-positive bats were considered separately and not included in the main analysis Wild terrestrial animals, small rodents, large rodents, lagomorphs, other, unknown 1. Provoked incidents were defined as feeding the animal, trying to capture the animal, playing with the animal, or disturbing the environment where the animal was present. 2. Scratch-a scratch was the "type of exposure." 3. Saliva exposure-saliva exposure was the "type of exposure." 4. Fight-the exposure occurred because the individual was separating a dog, cat or parrot in a fight with another animal.
exposures that occurred within Ontario resulting in a rate of 12.1 per 100,000 persons. The rate for males and females for Ontario exposures was 12.0 and 12.3 per 100,000 persons, respectively. The median and standard deviation of rates of RPEP administration for Ontario exposures for the 36 health units were 13.4 and 8.4, respectively. The range of rates across health units was from 2.3 to 39.8 per 100,000 persons.
Of the initial 1,818 iPHIS records for 2013, the following records were excluded based on the "Place of Exposure" variable: 165 were outside of Ontario; four were unknown; and three were missing. As well, 11 were excluded based on the "comments" which indicated travel outside of Ontario, leaving 1,635 records with Ontario exposures. Table 2 outlines these records assessed against the other exclusion criteria ("Missing Comments," "Cluster Records," "RPEP Not Given," "Comments Not Useful" and "Records Related to Rabid Animals") leaving the "Final Dataset" for classification. Of the 1,635 records with exposures in Ontario, 611 (37.4%) remained after applying the exclusion criteria and therefore were considered to provide useful information to allow classification according to the scheme outlined in Table 1 . The classification of the useful records as well as the number of comments that required review by all four authors is shown in Tables 3 and 4 . Of the 1,635 records with exposures in Ontario, 39% (643) were for dogs, 23% (369) were for bats, 20% (335) were for cats, 12% (197) were for wild terrestrial animals, 2% (30) were for small rodents, 1% (13) were for large rodents, lagomorphs and miscellaneous small wild terrestrial animals, 3%
(43) were for other and unknown, and <1% (3) were for farm animals.
| "Ten-day observation period" category
| Dogs
Of the 228 records in the final data set for exposures attributed to dogs, 192 (84%) were classified as requiring RPEP, 23 (10%) were classified to be provoked, and 13 (6%) were classified to not require RPEP (Table 3 ). Examples of comments that were classified to require RPEP most often stated "bitten by stray dog." Examples of comments that were classified as provoked included trying to pet or catch the dog.
Examples of exposures that were classified to not require RPEP included when the dog was available for the 10-day observation period with no indication that the bite was on the head or neck.
Of the 192 records that were classified to require RPEP, 154 (80%) involved unknown or escaped dogs. Among these, nine involved a person being bitten by a dog that was being walked by another person, eight involved the person walking their own dog and being bitten by another dog, and five involved a person being bitten while roller blading, skateboarding, or riding a bike. For the 23 records that were classified as provoked, 16 (70%) involved unknown/escaped dogs.
| Cats
Of the 143 records in the final data set for exposures attributed to cats, 81 (57%) were classified to require RPEP, 56 (39%) were classified to be provoked, and six (4%) were classified to not require RPEP (Table 3) .
Examples of comments that were classified to require RPEP most often stated "bitten by stray cat" and comments that were classified as provoked included feeding or playing with the cat. Examples of exposures that were classified to not require RPEP included when the person was bitten by their own cat (with no mention of the bite being to the head or neck). Of the 81 records that required RPEP, 76 (94%) involved unknown or escaped cats. Of the 56 provoked incidents, 51 (91%) involved provoking an unknown/escaped cat. Of the 56 records that were classified as provoked, 51 (91%) involved unknown/escaped cats.
There were seven (5%) records that indicated the cat was observed for the 10-day observation period. Only one of the comments indicated that the exposure, a scratch, was to the head or neck, potentially justifying the administration of RPEP. There were 10 (7%) records which provided information suggesting that the cat should have been available for observation, but was not observed. Examples included indicating that the cat was their own pet, the person was bitten while taking the animal to a veterinarian, or the person was administering medication.
| Bats
Of the 166 records in the final data set for exposures attributed to bats, 116 (70%) were classified to require RPEP and 50 (30%) were classified to not require RPEP (Table 4 ). Of the 116 that required RPEP, there were 44 (38%) where RPEP was given for a bat in a room or a bat in a house, and the comments or other data indicated that there was direct contact with a bat, or there was a bite or scratch. Of the 50 records that were classified to not require RPEP, 38 (76%) were due to a bat in a room or house for which there was no further information indicating that there was direct contact with a bat or that there was a bite or scratch, and there were 12 (24%) for exposures other than in a room or house. Of the 38 records due to a bat in the room or house where RPEP was classified not to be required, 29 were for a bat in a room where a person was sleeping and nine were for a bat in a house. Of the 29 for a bat in a room, eight were for children. The 12 records where RPEP was classified not to be required that were for situations other than for inside a room or house often included comments indicating that the bat was nearby.
There was one exposure for which eight people received RPEP, two exposures for which five people received RPEP in each exposure, two exposures for which four people received RPEP in each exposure, and three exposures for which three people received RPEP in each exposure. All of these exposures were for a bat in a house. For one exposure, the comment indicated that all three persons were scratched by a bat. We classified this exposure to require RPEP. The comments for the remainder did not indicate that there was contact with a bat, or that a bite or scratch occurred, and therefore, we classified these to not require RPEP. As indicted in the Methods, each of these clusters were included only once in the analysis.
| Wild terrestrial animals-raccoons, foxes, skunks, coyotes
Of the 46 records in the final data set for exposures to raccoons, 22 (48%) were classified to be provoked, 21 (46%) were classified to (16) 192 (84) 13 (6) 23 (10) 17 (7) 6 ( 81 (57) 6 (4) 56 (39) 7 (5) 11 (8) 2 ( (26) 21 (46) 3 (7) 22 (48) 7 (15) 5 (11) 3 ( (23) 303 (68) 24 (5) 118 (27) 34 (8) 24 (5) 5 (1) na, not applicable.
a The percentages were calculated by the number of records in the "variable" divided by the number of records in the "Final Dataset" multiplied by 100. Percentages may not add to 100% due to rounding.
require RPEP, and three (7%) were classified to not require RPEP.
Examples of provoked incidents included feeding raccoons, attempting to trap them, vaccinating or euthanizing them, and caring for them.
The three exposures that did not require RPEP included a blood exposure from skinning a raccoon, a blood exposure from washing the blood off of a car that had hit a raccoon, and a bite that did not puncture the skin.
All three of the records for foxes were classified to be provoked.
Two involved feeding foxes, and one involved "calling the fox over"
and being scratched. Of the five comments for skunks, two were classified to require RPEP, two were considered provoked, and one was classified to not require RPEP. Of the two that were provoked, one involved removing a skunk from a house window well and the other involved grabbing the skunk by the tail to remove it from a garbage can. The exposure that was classified to not require RPEP was for a blood exposure via an open wound while skinning a skunk. The two records for coyotes were classified to require RPEP. One of these incidents involved the person being bitten while separating their dog from a fight with a coyote.
| Small rodents
All four of the records for exposures to squirrels and chipmunks were classified to be provoked. Examples included being bitten while feeding a squirrel and being bitten while picking up a chipmunk to remove it from their house. Of the two records for rats and mice, one was classified to require RPEP and the other was classified as provoked. The incident that was classified as requiring RPEP was due to a bite from a rat for no apparent reason while the person was feeding ducks. The provoked incident involved a person bitten by a mouse while trying to release it from a mouse trap.
| Large rodents, lagomorphs, and miscellaneous small wild terrestrial animals
Of the eight records for exposures to large rodents, lagomorphs and miscellaneous small wild terrestrial animals, six were classified to be provoked and two were classified as requiring RPEP. Examples of provoked incidents included playing with a wild weasel, trying to rescue a baby groundhog and trying to remove a groundhog caught in a fence.
For one exposure that was classified to require RPEP, the person was alerted to an incident involving their cat outside, the person went out to pick up their cat, and a fisher lunged at the person from the bushes and bit them. For the other exposure classified to require RPEP, a weasel got into the house and attacked the pet parrot. The owner tried to separate the animals and was bitten.
| Other and unknown animals
Of the four records for other and unknown animals, two were classified to require RPEP, one was classified to not require RPEP, and one was classified to be provoked. For the two that were classified to require RPEP, one incident involved a person being bitten/scratched T A B L E 4 Classification of records, bats 116 (70) 50 (30) 44 (27) 38 (23) 22 (13) a The percentages were calculated by the number of records in the "variable" divided by the number of records in the "Final Dataset" multiplied by 100.
on the foot by an unknown animal while sleeping and one incident involved being bitten by an animal that "came out while stacking chopped wood." The one incident that was not classified to require RPEP involved a cut to a finger from tape that used to wrap animals for transportation. The provoked incident involved a person being bitten while feeding monkeys.
| Fights, scratches and saliva exposures
The total number of fights, scratches and saliva exposures identified was 34 (8% of the records in the final data set), 24 (5%) and five (1%),
respectively. The number of fights, scratches and saliva exposures by animal type is shown in Table 3 .
| Rabies-positive animals
One dog tested positive for rabies. Four persons received RPEP as a result of exposure to this dog. The comment did not provide useful information to determine the factors that contributed to the decision to give RPEP.
There were nine bats reported in the RPEP data that tested positive for rabies and a total of 14 people received RPEP from being exposed to these rabid bats. Four people received RPEP for one rabid bat exposure. For this exposure, the family dog had contact with the bat.
The comment was not useful in providing information on the nature of the four people's exposure to the dog or bat. Two people received RPEP due to a second rabid bat. The comments indicated that the bat was found in the bedroom. According to the classification scheme in Table 1 
| DISCUSSION
From the late 1960s to the early 1990s in Ontario, the annual number of animal rabies cases was greater than 1,000 (Nunan et al., 2002; Rosatte, 1988) . The number of animal rabies cases declined from 210 in 2001 to 28 in 2012 (Middleton et al., 2015) . 
| RPEP risk assessment
The CIG provides a number of considerations that should be included in a risk assessment such as the species of animal, the prevalence of rabies in that species, the prevalence of rabies in other species in the area, the type of exposure (i.e., bite, scratch, saliva exposure), the circumstances of the exposure (i.e., provoked, unprovoked) and the location and severity of the bite.
Although public health units receive reports of human exposures to animals that may result in rabies, it should be noted that the requirement for entry into iPHIS and provincial reporting under the Ontario Health Protection and Promotion Act is only for those people where RPEP is recommended. Thus, there were an unknown number of people who were exposed to an animal, but were assessed by staff at the health unit or their healthcare provider as not requiring RPEP. These individuals were either not reported in iPHIS or were entered in iPHIS but were not extracted for analysis for this study.
| "Ten-day observation period" category-dogs
Dogs were the animal for which the greatest number of RPEP was administered representing 39% of the exposures that occurred within
Ontario. Of the 228 records for dog exposures in the final data set, 84% were classified to require RPEP and 10% were classified as provoked, with 79% of these two exposure categories involving an unknown or escaped dog. Adhering to the 2013 Guidance Document recommendations pertaining to unknown or escaped dogs would now require a risk assessment for these exposures. Given the small number of terrestrial animal rabies cases in Ontario, we expect that some of these exposures to unknown/escaped dogs, particularly those that were provoked, would now be assessed to not require RPEP.
Consideration in the risk assessment should be given to whether the unknown/escaped dog approached the person, or the person approached the unknown/escaped dog. The latter should be considered a provoked exposure and lower the likelihood that the bite or scratch occurred because of rabies in the animal.
There were several scenarios that are not considered provoked per se but which may result in the animal behaving aggressively. These scenarios included a person being bitten by a dog that was being walked by another person, a person walking their own dog and being bitten by another dog, and a person being bitten while roller blading, skateboarding or riding a bike. In a geographic area that has almost no identified terrestrial animal rabies cases, these exposures are very likely to result from the dog's territorial or fear-aggression behaviour and not from aggression due to rabies. Considering these factors in the risk assessment would also likely result in decreased recommendations for RPEP.
| "Ten-day observation period" category-cats
Cats were the animals for which the third largest number of RPEP courses was administered representing 20% of exposures that occurred within Ontario. Of the records involving cats in the final data set, 57% were classified to require RPEP and 39% were classified as provoked, with 93% of these incidents being for unknown/escaped animals. Again, adhering to the 2013 Guidance Document recommendations pertaining to unknown and escaped cats, these exposures would undergo a risk assessment which could result in some assessed to not require RPEP, particularly among those exposures classified as provoked. As cats tend to be outdoors without their owner more frequently than dogs, increasing their chances of an unrecognized exposure to a rabid animal, it is likely that the risk of acquiring rabies from unknown/escaped cats is greater than from unknown/escaped dogs. Nonetheless, a number of the unknown/escaped cat exposures, particularly those we classified as provoked, may not have been recommended for RPEP based on a risk assessment which also considers the prevalence of rabies in the jurisdiction.
There was a small number of cat exposures where RPEP was given but the cat was observed for the 10-day observation period. The comments did not indicate the reason that RPEP was administered in these situations (e.g., whether the bite was to the head or neck which may have warranted RPEP even if the animal was available for observation).
There was also a small number of records for which it appeared that the cat was available for observation, but was not observed. Stricter adherence to guidelines regarding the 10-day observation period would reduce the number of RPEP courses administered.
| Bats
Bats were the animal for which the second largest number of courses of RPEP was administered, representing 23% of exposures that occurred within Ontario. Since 1986, the three cases of human rabies acquired in Canada were from bats. The prevalence of rabies in bats is unknown, but in captured, tested bats, it has been suggested to be be- A marked decrease in the number of RPEP courses administered due to bats occurred in Ontario after the recommendation pertaining to a bat in a room was changed in 2008, likely explained by the updated recommendations (Middleton et al., 2015) . A bat in a room or house without direct contact is not included as a consideration in any of the recommendations that were available in 2013. Yet almost one-quarter of the total records where RPEP was given were based on a bat in a room or house with no mention of direct contact with the bat. These included a small number of situations that involved children. Based on the CIG recommendations, to be considered for RPEP, other factors should be present for children or an adult who is unable to give a reliable history, such as waking up crying or upset while the bat was in the room, or observation of an obvious bite or scratch mark;
however, these circumstances were not noted in the comments where RPEP was given.
There were a number of situations in which three, four, five and even eight people received RPEP due to a common bat exposure.
These likely resulted because all of the people were in a house with one or more bats despite the low likelihood that all these people had Public education should focus on bat-proofing homes and instructions regarding safely removing bats from a house, which is best done by a trained professional.
The current CIG and 2013 Ontario Guidance Document recommendations are predicated on "direct contact with a bat." In our study, there were a small number of "comments" which did not include mention of direct contact, and only mentioned an observed "scratch" or "mark" thought to be caused by a bat. In the presence of a bat in the room with a sleeping child or person who cannot give a reliable history, determining whether a mark on the skin is from a bat can be challenging. Guideline documents could indicate types of lesions that are unlikely to be bat bites or scratches such as papular lesions that look like acne or insect bites.
| Wild terrestrial animals-raccoons, foxes, skunks, coyotes
Raccoons were the animal for which the fourth largest number of RPEP was administered representing 11% of exposures within
Ontario. Approximately half of the incidents involving raccoons, foxes and skunks were classified as provoked. Examples of provoked exposures included feeding or making contact with the animal. The CIG and the Ontario 2013 Guidance Document state that raccoons, foxes, skunks and coyotes "should be regarded as rabid unless the geographic area is known to be rabies free." Further work should be done to define criteria for a jurisdiction to be considered rabies-free, including considering the risk of translocation of rabid animals. Even without a definition for a rabies-free area, in areas with no or very low rabies rates, it would be reasonable to consider provocation in the risk assessment of exposures to these animals, which would lower the numbers of RPEP courses recommended.
| Small rodents, large rodents, lagomorphs and miscellaneous small wild terrestrial animals
The 
| Provoked incidents, feeding animals and fights
The CIG and the Ontario 2013 Guidance Document state that "Bites inflicted on a person attempting to feed or handle an apparently healthy animal should generally be regarded as provoked." Provoked incidents were discussed in their respective animal categories above.
Other than bats, the risk of acquiring rabies from a provoked bite in an area with a low prevalence of rabies is very small. In these instances, the bite is much more likely to be due to the provocation than due to aggression from rabies.
Feeding was identified relatively frequently, especially with wild animals. Clinical signs of rabies in animals include inappetence and dysphagia (National Association of State Public Health Veterinarians, Inc., 2011). Thus, symptomatic animals are unlikely to eat, further lowering the chances that an animal that is willing to eat poses a risk of rabies transmission. The animal's ability to eat could be considered in the risk assessment.
Being exposed while breaking up a fight between a dog or cat and another animal was reported in 8% of the comments in the records in the final data set. If an animal that bit a person was involved in a fight that was initiated by another animal, this should be considered a form of provocation which should be factored into the risk assessment.
| Scratches and saliva exposures
| Adverse events following rabies vaccination
While the rabies human diploid cell vaccine and the purified chick embryo vaccine are considered safe and the risk of acquiring rabies from a true exposure outweighs the risk of an adverse event from these vaccines, the risk of an adverse event with any vaccine should always be considered (Public Health Agency of Canada, 2012; World Health Organization, 2016) . Minimizing the number of courses of RPEP administered for exposures that are highly unlikely to result in rabies transmission is prudent.
| Limitations
This study only provides findings from one year. Annual differences in the number of rabid animals identified and the media coverage generated could influence differences in RPEP administration rates in Ontario health units. Data from additional years would have made the findings more robust, especially for those health units with relatively small numbers of exposures.
In our study, 37% of records where RPEP was recommended had "comments" that provided useful information for classifying the exposure incident. This is a reasonable percentage given that completing the comments field was not mandatory for the investigator. We recognize that the comments provided do not likely capture the complexity of the exposure. It was difficult to determine whether there were systematic differences between records with useful comments and records with missing comments or comments that were not useful.
For those records with missing comments, the indication to administer RPEP may have been so obvious that the investigator did not bother to provide any comments. On the contrary, it was possible that no comments were provided because it was questionable whether RPEP was truly indicated.
Two authors were used to classify the records to minimize the misclassification that might occur with one reviewer. Incidents for which the two authors did not agree or one author was unsure of the classification were submitted for review by the other two authors.
Approximately one-quarter of the comments were reviewed by all four authors. This per cent provides some indication of the challenge in assessing RPEP exposure records, although frequently a number of the comments reviewed by all four authors were for the same issue such as bats in a room with children, stray dogs and cats, and provoked incidents. Some of the comments may have been misinterpreted resulting in some misclassification as to whether RPEP was indicated or not, or whether the incident was provoked. When there was some uncertainty as to whether RPEP was indicated, the benefit of the doubt was generally made in favour of classifying the record as requiring RPEP.
At the time of writing this manuscript, an epizootic of raccoon strain rabies identified in December 2015 offset the prior declining trend in terrestrial animal rabies that had occurred in Ontario. As of July 2017, 346 rabid animals with the raccoon strain had been identified, and rabid animals are still being identified. Surveillance was markedly increased, and to date, the epizootic appears contained to an area with approximately 50 km radius in central-west Ontario (B.
Stevenson, personal communication, 2 August 2017). It is thought
that the incident rabid animal originated in the USA and crossed into
Ontario as a stowaway (Stevenson, 2016) . It is possible that the epizootic went undetected for some time, thus highlighting the importance of adequate surveillance to support rabies risk assessments. 3. Public education strategies to prevent exposures to animals (e.g., do not touch unattended animals, bat proofing your house, proper removal of bats from the house).
| CONCLUSIONS
4.
Defining the criteria to declare a jurisdiction rabies-free.
5.
Exploring strategies to improve surveillance for rabid animals.
